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(54) SEMICONDUCTOR LIGHT EMISSION ELEMENT 
AND FABRICATION THEREOF 

(57) Abstract: 

PURPOSE: To obtain a semiconductor laser having low 
threshold current value by imparting strain 
anisotropically into a specified axial plane of an 
active layer of a hexagonal compound semiconductor. 

CONSTITUTION: The semiconductor element employs a 
lll-V compound semiconductor, i.e., an AIGalnN based 
material, as a hexagonal compound semiconductor. Strain 
is introduced in parallel with the face (c). In other 
words a mask 104 is formed in stripe, on one major 
surface of a sapphire substrate 103. A groove 105 is 
then made, in stripe, using the mask 104 and an etching 
liquid of hot sulfuric acid, for example. Furthermore, a 
layer 106 filled with AIN is grown selectively only in 
the groove 105 using a material of AIN, for example, and 
the mask 104. Consequently, coefficient of thermal 
expansion is distributed in the thickness direction and 
a uniaxial strain can be generated in the substrate when 
crystal growth of AIGalnN emission layer is effected at 
high temperature of 1000°C or above. 



COPYRIGHT: 



(C)1996,JPO 
(□> 



103 t^T-YT'aUfi 

104 *7^^7 



(b) 




105 * 



(O 




106 AlNM&?*m 



(d) 



FK FA FA 



(e) 



FA FA FA 



107 

At-GalnN 9ftjfc*-?JI 



(19>B*BH«WW (JP> (12) *£p ^ $g (A) (IDOTfffllKHHra 

4^^^8-255932 

(43)^@SB ¥f*8^(1996)10£ 1 B 



csointa' mm^ f i sws^s^f 

H 0 1 L 33/00 HO 1L 33/00 C 

21/205 21/205 

21/3065 HOIS 3/18 

HOIS 3/18 H0 1L 21/302 J 



mmm<D8$9 O L (± 2A H) 



(21)£HiI#^ 


#JB¥8 -7048 


(71) tag A 


000005821 














(22)ffigB 


¥f£8<p(1996) 1E19 B 




^EJfiFnjStft^RJSH006#ifi 








era> aw* 


±UJ * 




(31)«5fcffcii!B#^ 


&H 3 F7 -6405 








(32)«ifcB 


¥7 (1995>1^19B 








C33)«5Bt±BS 


B* (J P) 


(72)^^ 






























(72)SS9i# 


±SFUU 8 












STM 
















<74)f$iA 














tJ(KjR< 



©4) i&me><&m ^mfr^w&^&zit^nm&Jjm 



(57) [KM 

[»*^»] L i T a Oa Sfi 2 0 1 iiiCA 1 Nil 2 
0 2, n-AhGai-:Nl2 0 3, Al,Gai-,N 
H 1 yttfJ K12 0 4, I m G a i-.N/G a N^S* 
^tfFffifflS 205. A 1 i G a i m N IS 2 KJi 
206. p-AhGai-tN^7yKl2 0 7 *riS^#] 

s-aaau s i 02#&n$i2 o 9 £*t«u!:^ ««s& 

AOfcftlCS i Oz*feiaR2 0 9i^^P^2 1 0*>£O* 
2 1 1 /- K«S2 1 2*5«fctf;t/ 

y-Kli2 13^Mt5 0 :(0^;l£IInGa 
N/A 1 Ga N*^F**ft:u-ifSr«jai-Sii«it 

0 0-1 1 0 0 c C(O&fflT*ff^£ix£ o UTt^oT^S 




(2) 



- 2 5 5 9 3 2 



sit** 1 icEtto******:*^,, 

Jf 1 JcE«^*Wft*#*^ 0 
£ 11**18] 20 

t. 

[IS*iI9] Sdffi^flESSfif-^T-rT^b^fiESix 

Xts'O. 

WE^flcje^tJl^Jl^^yuyfESicOA l.Gar I m 
N (fits O^x^K O^y^K O^z^l) 

[if i o ] smb* h 7 of zf#:<nm* \zfflfc**mm 30 

if 8 E«<a¥«f«6#:3f ^ 

thXlo'9, MfiMI'toS/^a-^A l»Ga, I 
mN (ffl.U 0£x£l, OSy^l, O^z^l) 

[ff*3U 2] 4^#S^-£S^* h7-f ^l» 

StiE^#*£«com^^®^^^-«it€r^:S-r5X 

fir?';* ^ ^ffl^^*S#i«^TOi:««»coI^ 

* w***s«w^*8tt- * xa t . 

h^x, m*m>»m&tnm§z^w&<D&te%ttm^ so 



flgrici-*>xai* 

sis i^-r^^m^^tm^<onm^ 0 

[13**1 1 6] ^frSSo-^<DSic^*^ig*- 

m<n«tLj7<DmzBf&^ 6 xs i , 

[»*gii 8] *m»mmk. 

t. 

[fjt**f2 0] WE^*ft:StEiS S i CfrbMf&ZtiX 
is '0 , SflEJR— <7>&JR;&SN i £^^&£ri,T^£fi**I 
1 8 iCEiftO***:***^ 

i, 

[!i*if2 2] *B(^flg^SRffi»ffioftSo--SF|5Tfc 
6 Wft±^*#g«£*» £it 5 X8 i * 
R^»*S«±iC«5t*^«itS:«ft^5xa4:. £^ 

[H*92 3] il^rtt^SSi, 
KSS±i^ricS^fc^/uy«:SiA 1 Ga I nNlU 

[13**12 4] fljEX«a s , *j»?g)t*jBft7i-5>^ritS 
n,-C^£i8**I2 3 {-Etto^*****^ 



(3) 

3 

[1)1*112 5 ] ftlfSSffiJl, L i T a Cb ( 1 1 0 0) 

[W*rS2 6 ] tftffiX.tR J*, LiTaOi (112 0) 
a5StR-?a>5!ft#JS2 3 {-Settco******^ 

[M#if 2 7] £®*rW-t-£g^£, fiE£tR±i-7&/££ 
rtit^A^&SSiA IGa I nN^fl^ft^SttiSrlS*- 

9 l <D%fa'<ziS.¥r~rz>m2<D%fa<DmB 10 

2 8 ] XStt, LiTaO3^(ll00) ffi 
7^6 (0 0 0 1) %falzi^L1Zj7&<o£&L-?h%ft& 

2 9 ] Sffitt, LiTa 03 0(1120) S 
(0 0 0 1) *ifilWS^Lfc*ffi^SS"Cfe^»* 
112 7 {Cie*^^*****^ 
[W#9 3 0] j&^r&g^ ^r&^S L 7t £: # ir|g£ 20 

{ 3 1 ] LiTaOaW (l 100) £ 

frb (oooi) *f6](cffl#fbfc^fi:cosS[-c«>5fll* 

if 3 0 icfiifcco^ft*}*;*^,, 
[M*S3 2] SIR J** LiTa O; O (1120) ffi 

^ (0001) ^fBjic^a^bfc^fficoss-efc-sw* 

if 3 0 KEfto^W**^^. 
[W*JI3 4 ] S^uySSSA IGaIn N*^**» 

mist, s-a^-rs^w^jt^^Kit^ffio 
[»**3 7] iisaE»*i±»*^A*fti^3K«sn-c 

WIS******?-* (0 0 0 1) EKfiilfcB 
±(-»ffifi-6«*iS3 5 «cffitto¥W#«3te*^0»ig 

OA l.Ga, ImN (fib, O^x^K 0 ^ y ^ 

L 0 g z ^ 1 ) 9 , MIEa^ftJte*^ L i T a O 5(7 



4#(^8 - 2 5 5 9 3 2 

4 

i^fcliL i Nb 03 35>P>JK)S: Sixths M*iS 3 5lcK 

1 0 0^±T&¥**«3t5IS^£tt'<W * ^KtJ^IS 
iSfeo 

[«*il4 0] #«***3il^<O»»^^yuya2;Sc0A 
l.Ga, I n 1 N ({H U O^x^l, O^y^l, 0 
^ z ^ 1 ) T'fe 9 . *9 Fe-Ni ^£ £ M n 
-Cu-Ni^, "^TC^F e-Ni Fe-Ni 
-Mn^&ri>£#/££n5fil#9 3 9 

[»*iR4 1] ?7jv^um?k*^r%^fc%tytm 

Hi, 

[B*«4 2] *»#«ft*fit^i?yhoi£{: 
ttfffi «rSMfc £ £ Il^fi-f Sri b~r% M3ft3g 

[M*qt4 3] aS*iSLfc*tR±i^A IGalnNi 
c &&&&& It * £ ^fl^**^ fiDfiit 

A 1 G a I nNi!i^>4< t *o 2o<D^ Yy^-fm 

ZWtVZ>zb\z£ 9 *iH*ig£®jS1-5I&i:, ' 

W152ofiO^ h^-r^WSr-g-^StDBf-A 1 Ga UN 

^i^Wit^^affi-btffllftffiiOA 1 G a I nNifsli 

A l G a In N*¥**«3t*-7-C0«i&6rfc 
[ll*«4 4 ] aJS*l£Ufc«tR±{CA IGa InNi 

A l G a I nN»II±JC^ h74 Zffit&sStfi' Z Z b 

'o mmmm *mj3lit % is b . 

h7^^i»S:^fet*B(:A 1 Ga I 

at0O^tBS±tfS^®±£OA 1 Ga I nN^8 a BMj5£^^ 

a I nN^^«*«^* J F^»3t*ffi 0 
[11*94 5] SS±i21. fi{t*ft;^****J-51^tt 



(4) 



8 - 2 5 5 9 3 2 



mm&mz%—2 y y kjb ct v** < , ntjffi^-^7 7 

• 7 K« i , 

fflfa^— * 7 7 Y r m± t <zm-? y y KSSrfiWl-*"£XS 

«fiaStt«±f-»H^ 7 7 KJiSrfiWf -T5XS£* 
*M£»— 7 7 KH^, mJteSS, W1B*X^ 7 y K 

Stsy^^S^ ftttT-Ci ^ ^ SrfT 5 IS 

So 

Itlfemx^ 7 7 KJi±{dfSf4JB -5 XSt, 
StJlSXtS, imt%-$ 7 7 KI, mJffifgl^ 7 7 KH. 30 

attffijcjft»a*8DB-r*xsi, 

sm-^^m^^^ft^xs^, 

swt-ax&t* 



wtawiHii±i-asLfc»-^ 7 7 vmt. 
mm-? y 7 K«±i-a(/i Lfcgtt« t , 

*#T-^**<a/£*K €r^«-r Silt, 

» = OJE>7A#T-il— ^ 7 7 Kl^St^Ii^, 

-r^xst. 

SJrEfSttJIo c ®f*ji-te, gfrisj^^Bn*a«^ <t 9 

[W*IB5 81 T^/U7r*H<D{t^9i^ S iOiJK 
^7t(lS i Nifltfc/B^'S, M*iS5 6^7t^5 7icE 

[I**ig5 9] SteXffiioWS^aJ^, J^. h 7 7 s 



7 

[0 0 0 1] 
[0 0 0 2] 

■T-oSSdSK*!?, ZnSel, Jt/G a NSffftit 
- iftTii. 3£il&ft5 0 0 nmStg©I8ft*##u-f 

[0 0 0 3] 

[«W^*8tLJ: 5 itSRHJ b^L^^^. G a N 

[ooo4] o ?jtmm&$:M&r?£& 

rite h^xh'O, tt&fc^*m»<nm&<nttmm 

so ^ ^ r a; «■ ti * ¥■* ^ ^pg ^ ^ s - 

[0 0 0 5] 

[0 0 0 6] a^H *#lrffc^ft¥«#co c Sl*)^ 
[0 0 0 7] 

[0 0 0 8] illl I^Dt)ot^^^S^A 1 G 
a N/G a N*^#F*iglCo^T> G a NS^^Fi 

igli* A 1 G a Nf^igJI t. GaNa^FJifcd^* 



(5) »53¥8- 2 5 5 9 3 2 

5 

£ Q S^#FJi^ffW£ifa4 nm^&5 0 D 1 iCiot > 

Satt^$ 9 Sic tt^vEft^S 1 2pfS:c03i^/u^ 
=¥^v K£:S5ib"C^5o 

[0 0 0 9] 0 1!*, ««T-«i:«Bf+S (Kfft 0O£ 
S) {CfcJt^^— /KO^J&KSW:* Zincbl end 

[0 0 10] t*5-?, tt&fc^¥>£#<Dc Stoic 

2tf >->-f yi^O 5 . c 2 0(D^Tp]<^^^r e 

«xs /SKJew* c g]fi<7}i±-/vl£r!I€: e x y i . c 

Srtic^&SrCft^ (ft^tttt) Sds*Bteofcr tic J: 

S^GS^/V^f— fi0 5 (eu-e )f T2ien) coBX 
[00 11] H2Jt c SrttCgEJg^^/u^— ^ 1 0 m 
CO A 1 G a N/G a N*^#F«it5£*jtf£ G a Nt^ 
91 <b £ 5 ie, «P*ft-e 4^31 Srio 5 r. k fe J; '0 , 

SbK*r«gS<£>*& t JfctSE b -C «9 /h $ < <C o X ^ S 

A«SE**^'><& < t«t^r t ^i^bT^^o b 

^fc&&mzm^tc¥mfc\s--?x^ ««b#i/Mi:« 

[0 0 12] ^fc, I3lt cIf^l:**ftT4^ 

40 *tt<e) Sdsant>ofc»^(obtVNtt«sfE«So3ift# 

»-&Offl-e*1frft lf:lti HlWiSiE® * b -c ^ 
5 a m ic {* b * i Sr ^fk $ ^ fc ^^£0^^: * t 

[0 0 13] !H3T1±s cBrttO^:^^^^ 

50 T t I5]«>i jl £ 



-5- 



[0014] injuria i 3 -caw tfc«t 5 ;^ 
it^m^^m^m\zm^^tz^^witm^\z^^ 

r , r* * ^ Sr.Stt* icffl^srt-CL#^ Miff « 

[0016] OUSfliJ 1 ) *«Wco-3lffiWco*»** 

I I -Vi£fl^W¥*#T*&5, A 1 G a I n.NlOtt 

A 1 G a I nNMIfl 1 0 0 \Z £ /U*>i£S>*:ffl^£ 
^-CO (0 0 0 1) (c@P*]^¥ 

[00l7]Bl4OJ;5{C t77^7ifil 0 1 

£ixT^#t/^ te*<0fiKj*fi$;ft*7tA 1 Ga InN'i 
ftJi 1 0 0i-f±Hi + ^x* r ^]i--^tt<7)^^D^^^ 
^pJli^S. ~oo^}t/l 1 0 0 £?£teJi it^zt 
tL^v MH^tO/h £ V ^^fc^SS^Sr^-C t So 

[0 0 18] AflcftftKat^teSrSI 5 {d^fo ^L^ic: 
t77W7!Sl 0 3^)-iIC^ h7>r^tt^^^ 
1 0 4*:fl&£1-£, ^com, -7^^10 4*rEvv jSRfifc 
^^ct^^v^^^T^ h ^ >^t*cr>flt 1 0 5 

9 1 0 4*ffiON-ca*^Sft-T5 tflBEl 0 S^rtftf i-A 
1 N*«>ii^)i 1 0 6d s JBJft*HSo -ttOSte*, i?^* 
f^tCjfiiJg3B»»<04>*3as^i:, MV^TA lGalnN^ 

i o 7<D$s&i£Ai: i o o o a c&Jz<Dm&r~no& 

Si^^^S^ffiJsSSfe^ffl^^K^^A lGaln 
N"Cfl 110 Ot)§fii 5 «3:v^i $titi/^ e TSt, iS. 
S^^^MMb/ci: tfCA 1 Ga I nNJ5»l 1 0 7 }C 

[0019] C A 1 Ni*^i 106 

#S 0 Jj0;t5§^<O*fe#*W«l 0 5 0B^S$ 

[0 0 2 0] £7c, iBfB^-WittO^S'AD^.S^ffii: 

i ^zz^m^-^mm^^^ytm^m^m^ 

"To 

[0 0 2 1 ] *SftJ«*Sr?T599^ h 9 ^ ^oBWfcfflt 
1 0 9^f77-f7S^l 0 8 0— ^Siwflgric-TS, 
[0 0 2 2 ] ^<D«ftffi/aft£?T 5 1 0 0 0°OIL 



(6) «M¥8 - 2 5 5 9 3 2 

ii:Mt^i:t7 7'f7lS 1 0 8 fc&<b& 1 0 9 co 
mB^te&co^ ^z £ oti* Z^f:SS^6; 

IS L~C^S 0 

[0 0 2 3] 5Bfa<0£-i£fc L"Cte<b^i:*A lGaln 

^■(7)^5oo "cs^cos^-c^M-rs ^ t izx 'o mm. 

00 m & Sr * * £ it** s B a * - 14 go 31^ £ 0 x S - i: ^ 

[0 0 2 4] H]«oa**:&JRO/<-< * 9>\&%&:%m 

20 1 Ga I tiN*8**f*ff!!tSi*S i CMl 1 2 

ttt^a-efe^o &<bd»CJ6A IGaInN 
##Ji 1 1 6 4:fir«AJR«ffifiKSSi-J: D^xfit^ ^ 
Nill 13ii^h7^^S-(OAuai 

f^lCS i Clfil 1 2 S:«fl$-frS^t^T-#S a 
3K*A lGa In N*3tJB 1 1 6 ttteOS^Ja*. 
5li #T # So ^ Oi-^N i JB 1 1 3 *s S i C$S 1 

io [0025] £b f <zm9\z-<D&m<D—nfcm(n^fc 

fcft^Roo®^rfi"fS FWl 1 9±«Cif^r^T£^ 

1 1 7 Srtftf&Al 1 8 S:S^THSi-5o -^co^, £ 
Si 1 7(c«*Ji«rA£*LSi9tU-*-i:-9-7T-<TStRl 
1 7tt5cO*tffifci?5 5 i: L*Jt)i}c^^Q^S 0 r 

So 

40 [0 0 2 6] (H3ftfi?9 2 ) HI 1 0 tejg 2 ^SUfiWI&^-r 

I n. G a i-i N/A 1 i G a i-tNfi^F* 
SS^U—ifcoSI^ISfffiiaTfcSo WPM^Z I niGai-i 
N, aiSJli-A 1 i G a !•, NSrffl^t^S, 
[0 0 2 7] *«&JRS*BJ«ft*i£{- J: '0 (1100) 
L i Ta 03SS2 0 1 ±i:A 1 N/<y77l2 0 2, 
n « A 1 t G a 1 - 1 N ^ 7 y KB 2 0 3 . AhGai-iN 
Kl jt^f-Y KS 2 0 4, I niG ai-.N/Ga 
i:^#Ffg-i*il 205 (inxGal-x Nt^F 
®, G a Ntf^FiC0SI«ie) > A 1 1 G a 1 - r NjpS 
50 2 3fe^K(l2 0 6, p-A 1 tGai-tN^y K12 



(7) 



¥?ffl¥-8 - 2 5 5 9 3 2 



11 

[0 0 2 8] ^£<D&^ y^j-^if'tZX $ V y is* ^ 7^7 

2 0 8 «r^/S:U S LO2»ftK2 0 9^*aLfcg, 
tt8ttaAofcs!){-S i 02*&»Jfll2 0 9 {-IS a 952 1 0 

[0 0 2 9] rcO^vU^iSS! I n G a N/A 1 G a N'S 
J5S*ffi4rffli^fc»£'A 1 NV<y7rl2 0 2 SrBfci^T 8 

00-11 o o°cco«6ia-ef^i!t$K5o ifc^otfifi 

£ A 1 N^y7rl2 0 2 ^S^eFb^: LT^rU^ooM 
ftdSjsKSSH^O-e, (110 0) LiTa03lS2 

0 i b*ti^<nmt<D»tt%&&SfcRyk£ixzz 

k iifi 4: A/ if *>*>%A/n -Al.Gai-iN^-y 

KJi 2 0 3 3*o p - A UGai- t N^77 KJI 2 0 7 £ 

S^5, ^ 7 7 h gfi^^f^ L ^ ^ J: 9 J9E 

[0 0 3 0] El 1 Sfom&Lb ltffli/^:L i T a 0z& 
K2 0 1*5iO^ ^;U7tiG a N^B^^irtT^ 
«»fl5*£^-ro *HJfi«9-C^ (110 0) L i T a O 

3 mm &mi*^x^z<D xm^x^mm^m^^m- 
& <o , mil ^Tfz-r^ o\z (oooi) jjfat zrvtm 
anc (ir 20) ^ttatt^^ 0 c^/uy 

ISGa N^tt"*«i, S«^ffi;frf4f-flSfc>e>1" (0 0 0 
1) ffifoj-eJSftj5SfiK4-rsoT«-JBfct) (0 0 0 1) ^ 

BBIfiSfttt (0 0 0 1) B-e«*ttt*& 9 x G a Ntl4 
5.6X1 0- 6 T*£>£ o A 1 G a In NfiS<m^>5t5 

1 Ta 0 3£«tt (0 0 0 1) 1 . 2X1 0' 5 
tG a Net 9 i o^^^«I«SI:fi'l'C^6^ (l 
r20) ^T'^i£(-2. 2xiO* s iGaNJ:^j 

¥3H#:u— - tf djs^T (110 0) L i T a 03SS2 
0 l^S, jBftjSfiJCJ: 9fP»*nfcn-A 1 c Ga i-:N 
^77 K12 0 3 p-A 1 iGai-tN^77 KJi 2 

755^?a«t ^ t i o o o^tSf^iCES-r-si, 

aitttCn-AhGai-.N^^y KJB 2 0 3 
p-AhGai.«N^7y K12 0 7 £ -eolgltMttU 

(oooi) jjfacom&ett. (i r 20) z^fto^ 

Sr e 1 1 k1r%> k e . i = - 0. 4 4%, ^L-Ce,, = l. 6!'. 
t<CS 0 w GD£ 5 i^Lt I n. G a i -i N/G a N^it 



12 



T-#Fr£t£/l2 0 5Srtl:, ^mfrm m^x^^ 
*:"Hi-l£i*Tt , t — if <7} Lt t ^iSaat^{JS:«*5 ojflg ^ 

[0 0 3 1 ] fztc U n-AliGai-iN^77 KJI 2 
0 3^bp - A 1 7 KB 2 0 7£-C£D&£ 



SB 



/0 oru£ 0 -coS^teEI i 2 i'^-Ti: 5 {c ( i l 0 0) 

^ (oooi) jjfa^e . (i r 20) jjfa^tpm 

itfcL iTa03iS^^nifJ;i\ CKOfSt o 

e'n = - 0, 4 c o s 0 
e ' t y — 1 . 6co s 

®^ - 1 i c j: o r m <d §s a *tK c - 1 ^ t * -5 a 

e' «. + e' m = 0 kteZ£lfcn&£Xf f SriS^tf, 
2(7 [0 0 3 2] #jb\ *HiffiW|-C*iXffit LtLiTaO 
^KTiOP04, KNbOj, L i Bs Oi 3 ^ttW^ 

l i t a o 3 1 mm\cmizmm&<n^ftitfx% < , 

[0 0 3 3] (H5£#J 3) §13 i^^ 3 oHi£#l£r^-r 
^/U^IEM I n G a N/ A 1 G a N'tWF^SSl/- 
if^* J F»fffiia"C&-5o Sffiricfti-J:?) (0 0 0 1) if 
77>f7lS3 0 1 iii- A 1 N^<7 7 ri!3 0 2, n - 
AlzGa 1-iN^77K13 0 3, AlyGal-y 
30 Nil 7t#V KS 3 0 4, InxGal-x N/G a 
N#i*^FSf±Ji 305, A 1 iGai-jN %2% 
^ K13 0 6, p-AWGal-zNjgH77Ki 
3 0 7, p -A 1 !' G a i-i* N2l*AJi3 0 8 SriSJKft 

U, xyfy^:j;5p-Al,'Ga!.fN5itAi3 
0 8 ^-itl 2 mrn^^ h 7 ^tt«-*DX U SO^fiSSit 
f-MLT^^fb p - A 1 i G a Nig 2 ^77Kl3 0 9 
£r/£S£i£<5 0 -£LTS i 02ffi«3 1 0 ZmmLfz 
m^aAtDfc^iCS i 0 2*6*8dK3 1 0}-HPSfl5 3 

S3 1 3fcJ:tM7y- K«fi3 1 A&MfSL-tZ* 
[0 0 3 4] ;:-ep-Al l l Gai.rNl*AB30 
SCO A 1 It^Scitz' Srp - A 1 iGn^NS K/l 
3 0 7 Joitfp - A 1 t G aiMN!2 ^ 7 y KH 309 
<7DA 1 *&J5£Jfcz«fc '0 <«^t» J FSfft^p - A 1 

r G a i - i- NiSAS 3 0 8 ^^^/J^ ^ u^fc^^-ll] 1 4 
i^-T J: 5 «cjaiacO)ieSicJE*t^S*»Ai"'5c t^T* 

[0 0 3 5] Z<D£ 5{w®a5tt^S^«Ar#-5 0(ip 
50 — A 1 i • G a i - 1 * N2!?£A/i 3 0 8 ^rjl^ 2 mmilt 



(3) 

13 

/h£^7t*bT\ Z<0«tf+ft*:% <^6i p-A 1 r G 
a i - 1 * NI^IA13 0 8 i JH^T^ASfctf 
fi^iS4r*A-e#*< p — A 1 i * Gai-r 

? << ^rsa:>fcBT?fiiafflosaf-^s:«A-r s ^ t & 

■C*S5^ ^ h7^^i- s P*T>tffiT'i"i^*i*ASK4 
l\ ^COSS*. I n. G a i N'/G a N^IiWFi 
t£/f 3 0 5 aartiCio^T by-fy'iC^kSLtiiiSiptMDft- 

ffig;&2rf£«"?*6o In«Gai.,N/GaN#if^ /0 
#Fi£t£JI 3 0 5 ^(Dm~±p - A U'Gai-f N^^A 
13 0 8 t<30EfildS3E^iS4f^#< -C^SOTp-A 1 

1 G a i - 1 NJB 1 ^ 7 '7 KM 3 0 7 Ofl^^iS^KSI- 

[0 0 3 6] 3fc*3> *3US#]"Cfci p-AU'Gai-i-N 
S*AJB3 0 8 OA I lUBRJtz' £p - A I « G a j-* NSB 
1^77 K1 3 0 7*5J:t^p-A 1 iGai. t NS2^7 
y K13 0 9WA1 »JffiJ*:2«t 9 < ilA^c^ i£ 

as-CJS, ti*i X '0 fc/h£^*§\ p-AlrG 20 

ai- t ' N^SAS 3 0 8fcJ:oT#WK«xt*>3£^# 
So P - A 1 G a i-i* N^AJf 3 0 8 tt^rO^cop 
-AhGai- l NS2^7yKl3 0 9J:!) t>H#f*d s 

^#^7^-c&>s 0 cofc^^^m^ii^^&w 

[0 0 3 7] (^5£^J4) Hi 6fCZ<0*W(0— |£K« 

[0 0 3 8] *T«AJR«ffifiS:*Sfe*0»fiJ«**ffiS:« 
^T, 0S;Ltf (0 0 0 1) ffif-7T^TfiS±icf^Si^ 
*tfcA 1 « G a i I nt (O^x^K O^y^l. 30 
0 ^ 2 ^ 1 ) co^Wfru— IF 4 0 1 cof 77'?:il 6 

(a) i^-r J: 9 *-f, 2 0 0°CC0S^.T^^^ 
yh4 0 2 Ji«ciE«i"5o i*"^ ^M02 (DflKStt 

H 1 7 fC^-f-J: L iTaOj 4 0 3, 

4 0 4 ri><bJ6££o L i T a 03 4 0 3 tt*^tettfi<7? 
^m^T^O, if 4 0 1 (0 0 0 1) BSC 

fiilfcffi, flRtf . (1 12 0) ffi-^ (1 100) ffi± 

[0 0 3 9] Ay^4 0 4{:WJiiiPb-S n*4r 
ffll^So 2 0 0°C-C?«»L^^^W^ SatCTASo 40 
fcHRJCHS 9, ^gfru-if 4 0 1 &-$-zf-*"?> h 4 0 
2±i-!l^$nSo L i T a O3 4 0 3(7^a*ft^fB|CO^ 
M«f^2 2xiO- 5 /Kt\ c f&^focO^U* 1 . 

2 x l 0- 6 /K-efe£ o IP*>. Si 6 (a) coxtt^ft 

if 4 0 1 $1/ h 4 0 2«CHE*tV6B#t-, 

#u-f 40 l W*-4iJtM»b6:il:4^ ¥ 
awti^— tf 4 0 l «c*nx.6ix5— «H4(73Jc£:^j(OStt±*f 



- 2 5 5 9 3 2 

[0 0 4 0] *5lifee»J^^*ft:^— tf 4 0 1 ttfr/uyi?; 
S^jBS^ffl^Tt^. ^coSSC* (0 0 0 1) ttKg 

[0 0 4 1 ] -co i 9 ^^yatSJco^a****^ 

[0 0 4 2 ] #361S0i]Ttt:* ^W^u—if 4 0 m (0 

0 0 1) SMglUS®, (1120) (1 
100) S ±lz.MH&-r Z i> 00 k LTHKLt^ — S&te 

[0 0 4 3] (Hi£#J5) il 8fCCO*^<OJSiio5?liS 

[0 0 4 4] **AJK«SfiK*te*<?5«*jft**feSr^ 

^t, m?Ltt (0 0 0 1) ffi^7 7^TSffiJb'^t£8l£ 
rife A l.Ga, I nt N» (O^x^l, 0 ^ y ^ 1 , 
O^z ^1) if 5 0 1 Of 7^11 8 

(a) id^t-J: £1\ 1 8 O^co^T^^-^^ 
> h 5 0 2 iil-IES-r So ^Vh 5 0 2 co«it^ 

01 9t^i"J:.5{w, Fe-Ni^5 0 3s F e — N 
i-Mn*45 0 4, P b - S n^V^5 0 5^^J* 
So Fe-Ni^5 0 3l^y/^- (invar) 

t£ti , t&m ttrnt l x « * & * 5 i h t mit l * t ^*r^ 

"CfcSo Fe-Ni-Mn^45 0 4HiaiOl 

5 0 3 t F e -N i ~Mn^5 0 4 ^il9^-^S C 
tX\ fflSSffci-<toT*ftt-S«t 

[0 0 4 5] 18 OtTSiBLfc^v^ttttSiaJ-T^ 
ofc^^l^^ 59, tf5 0 lW^^h5 

0 2±}C@^^KS o If 5 0 1 

h 5 0 2 icBSSiX'5fl#«i:. ^^*u-if 5 0 l 

if 5 0 n^0x.^ixS— IWt<0JE£;^O*J±± 
Jf £ «8.S5c J: o TSIWi" S w i: S 9 
[0 0 4 6] *!81SWco¥»flc^— If 5 0 
S^JSffi*ffli/^rvNSo Coo^b s b^ (0 0 0 1) 

^*u-if^Lti/Mi:m^w»m^^f^-c# 

[0 0 4 7] ro0£ ^C^yuyfKSo^ft:**;*^ 



15 

[0 0 4 8] #3SAS#]T-<2. m i 9 fDrntz-v-y'^ *> ^ h 

^Zltemi&^VbMfrfa^ TKtoh. Fe-Ni 

e -N i -§*&5 0 3 V 7 4 7W*Z&f&-tZ> 9 w 
C0«5tTl>. (b) J-^J: ^tfiiE^Tp] 

- [0 0 4 9] HI 2 l lzzto^m<nft\(DMfefflco¥^{£u 

ft*ife*ffl^'C, (1 12 0) ^77^71^ 

JiS^KSfrfcA l.Ga, In:Nl (O^xil, 0 
Sy^h O^zSl) <7)^Wffcu— if 5 5 1 (D^yy 
^ri2 1 51^ 3=1\ t^^yh 5 5 2J:i: 

J]Dl^(^2i/7 h 5 5 3 £J3^T_h 

fld»J9B5 5 4^*^j»«:SH*rLT^W»u-if 5 5 1 £ 
■tf-y-^V N 5 5 2i-H^t-<5 0 — if 5 5 1 # 

if h 5 5 2icHS$ix^^{^ if5 

[0 0 5 01 *|gl£«ij<^^*flcu— if 5 5 lJi^yu^aE 
S<OSBfi£fiH^C^5o -<o«£AW: (0 0 0 1) 

if <o l # v ^mmm^mmmm & i&mx t x ««« o n ^ 
[0051] *nifi«ijt?fi, la 2 1 ct 5 

-r<cfe*>, if^^v h 5 5 S^SttffcQflWfc 
**flcv-1f 5 5 1 %WtM-TZ>» 

[0 0 5 2] -^^-r ^y^ 5 5 5 coWi^4 KKtt. 

if 5 5 \ (oinw<zmm.m®is<* s 5 6Sr^M,rjct 
u-if 5 5 1 ttDaa5«-*^aa*»jfi 5 5 4tiss 

*Dfiffl*> ; 5 5 7 4rEHE1- If 55 1 

— tf2rH§|-e#5 0 
[0 0 5 3] ^MMMXte (1120) S«±^j«*L 

(0001) @scSfii<c^roi5^D^s J: 9 ftflliirc&ix 

[0054] ^nmmxnm^m^tmm^m^^xmn 

LtcibK If tf-^^^ NSrHS-etStw 

[0 0 5 5] -(HJfiW 6) |I2 3 3glfiff9fiO 



(9) ^¥8- 2 5 5 9 3 2 

yd 

A 1 G a In N ******* T-coKiiXS ^^"T t> CO 

[0 0 5 6 ] *SSfig*fi«JEMO V P E feTfe 20 

2 3 (a) i-^-r J: 6H-S i CSS6 0 1 £J& 

J!fir5fc*LfcS, MOVPEffiiCJ;^*— (OiSAjSftSrfT 
o7t 0 fiKS*i£^o^-C2¥«Bi-ttWi-S 0 MOV PES 
■cO-^^rt £«AU KJS^J*]JE;fc £ 1 / 

1 O^^IS^L^^, TK^'^^TSfieO 1^1 1 
/0 OOt^tMl, 6H-S i CSf 6 0 lti^(S?# 

[0 0 5 7] 6 0 0°Ctxm^Ltz 

a, 6 H-S i CSS6 0 1 ffiJLlCVKJSOH-fc lt7y 

y ^/UT^-£A&#tfSL-CKff 5 0 nm 
ftAlN!6 0 2 «:*taito ^coS, -IM^f-^ 

#^Lt, I I IIia-ilthy>^7/i/;^^A 
^^«lW5/imO$i 0 s B A 1 N/16 0 3 %mk 
20 Lfz 0 

[0 0 5 8] ^^^v^-e^^ i Lt S i Ot 

HI 2 3 (b) ^i"J;9^, l3am, fflPS2 
a mC0 2^(7D^ b 7 4 Tfftt&Mf&^tio 

[0 0 5 9] xyfy^^^SrlftiUc^ MOV 
P E S ia 6 IZO^MS IrtTo MOVPEM 
«OSJc5Srtfc**^^Sri»AU, S/vSrtJE* £ 1 / 1 

6 H-S i CSS6 Ol&llOOt*^ 
ifiU *ffi<affifi^ffc**Tofc 0 »:^-C% gffi?&S£l 0 
JO 3 OtMfttSLfcSL I I IiM^Uh'J^^7 

A*r*iteL, U2 3 (c) (C^-T<t5{^ BI/?3MmGQ 
S i K-^nfA 1 Ga I nN^7 7 KJB 6 0 4 > Hi? 

2 0 n m^A 1 G a I n NSIti 6 0 5. ^J?2 p m<0 
M g K— 7 p SA 1 G a I nN^7 7K16 0 6^. k 

p ffiiJWS 6 0 7. nfflHttfli 6 0 8 L V— if ^it^r 

[0 0 6 0] tt±fi0»5txad^. iEw^;^fn 
40 Sitcom 2^(75^ h 7^y/S^i56 0 9 

^(75 k { z *f jcp b , fill 75 ^ » ^ ©Bto * ^ 6 £f £ { c i 
oTifv K-T yfZtilzW-tgMS 1 Oi-ioV^rfL WW 
(7^/g^i6 0 9^b«*lS]{c:^d5*Si"-5 - t t?SSo 
Ufc^oT, ^tlSlSicid^T, ^ h 7 r*f6i i: HSiff 

50 «I*/hS<t5ltis-Ct5 s *fc, 2^:oo^ h7^ 



17 

[0 0 6 1 ] ft*>\ «#ffifc 6 1 0' ( ^^S 

A 1 G a InN*^7-yK16 0 4 Off^t^kSitS ^ 

[0 0 6 2] f (IIJ6W 7C1H 2 4 \tt&W<0—MM&\<0 
- MiS^fei-^SA 1 G a I nN**«#*ft*^(OStig 

[0 0 6 3] ttflfiaa<i«EEMOVPES"Cfoi9x 2 0 

4 (a) 6H-S i CS4R6 5 1 SrflftJB 

MO VPEfeia^I- <0»fij£*4rfTo 
fc 0 dcft*2fe^ov^r»»{c:|ftW-r^ 0 MOVPEM 
<^KJCSrtl-**#**»AU EJ£^rtJ3MJ * 1 / l 
0«ffl-»SLfcti, *^^*T'I«6 5 1*110 
0°C£-C#*&U 6H-S i C1S6 5 1 3SBOflf 
**To7t 0 ^Rr£g*6 0 0°C^t«lfc 

ft, 6H-S i Cl«6 5 1 S±frvJSiS«-t It/y 
^^T^^AL, lOS-IT^t I iW&mkLXh 

*AiNi6 5 2 i*aifcc -e«so«, 

*?atT. I I lM^i:tthy^fyW7yu^^A 
SrSS«*&UBOT5MmO*iBfiA 1 Nil 6 5 3 *1*9 

[0 0 6 4] xyf*y^^i> tltSiOi 

*^\ 1H24 (b) i^-T<t?i^ tl3Mm^h7-f 

[0 0 6 5] *<y 1 ?->'ym~*x?£ffe&LlZ&. MOV 

(OEJ£Srttok*;tf;**»AU S^fiff^ * 1 / 1 

Sffl«f"C6H-S i CI«6 5 1*110 0°C£T'# 

SH0>flli*ft:£rfTofc o tz\,^X\ SKS^l 0 

3 o°c\zm&^tz&. i i i ftJK»i: ut h y > 

A*£fef£U 024 (c) H/?3^m<7) 

5 i K-^nlA l Ga I nN^7 y KJB 6 5 4, BOT 
2 0 nm<7)A l G a I n Nffitti 6 5 5, Hi? 2 /i mCO 
Mg K-^plA l Ga I nN^77 K/B 6 5 6** h 

pflijm^6 5 7, nffi"J«B6 5 8Sr?gfi£Lu— if»iSSr 
[0 0 6 6] £iLt0>KitXSa»6, iffiO^^u^-ra 



(10) - 2 5 5 9 3 2 

£::£i:*5 0 IfciSoT, ¥te^56 6 Oi-jfc^T, & 

/0 ¥fiS6 6 0 *^7fcg& i: LfefgLt^MSStT^- K 

1 K-^nSA I Ga I nN^77 KJ§ 6 5 4<7)/¥^* 

[0 0 6 7] cmmm s ) iU2 5 (a) i^-rx ? \z 

(0 0 0 1) t77^f7lg8 0 1 ±S^fi-«&««ffldc 
* (MOVP6) Sia?)GaNilBi8 0 2W8 0 

3 zmm-fZo mmcn tv * $ a (tm 

G) , 7y^-7 (NH3) *^\ SmPr<D*^ VTX' 

[0 0 6 8] H2 6^«ffi)Sft*^ix— ifffiitatS^J: 
otG a NlSft^^KftdsSto?) ^ i: *JLwc LTtx 

ft<kStiSt>Ot%^?jlxS 0 [U2 5 (a) 
(Cxdfv^ri"- If* 1 0 kW^Mt (0 0 0 1 ) -^7 

7^7ifi8 o i ±f-a«««j^swLrwt8&*«is* 
Aft*G a N)K£J|8 o 3$mm£fiz Q ^co^^z. m 

2 5 ( b ) IZtf-TX o i-G a N^SJi 8 0 2 i: G a N*S 
40 AJI 8 0 3 <^«*W«-ett*ffiR(cf&ofc^lfi]}cttS7)5 

JH^SixSo fiStft?££il#«A#flteix5 7 0 0 

5 o ov ! <cmfeTz>h(Dxnt£\,\ 

[0 0 6 9] (^iSW9) §p>i:, ®2 7{^fJ;9i: 

G a NMS/i 8 0 2 <b G a NfiAiB 8 0 3 ±il if 3t 

jUSrsaat-er-ric 1 o o o o cx^m^m^^m^x 'o 

50 GaN8fiil:«9t6. w CO J: 9 tUlSL&Zft 0 t 



-10- 



(II) 

19 

SW#G a N5BftJi8 0 3_bOG a N*SftJi8 0 5 (Dfe 
■^S-Jftfi^t < ¥M B 0 aOG a NMal/I 8 0 2 ±<7)G a N 

(OS^J58fi?SS(iSflfeG a N'M^i 8 0 2 t G a N» 
AJI 8 0 3 *:«aLfctfiSJ: 9 tffl^C t » 
^$to*#^#ifefi#l#G a NJSfiJi 8 0 3 ^<y7 

S8 0 5 £±§Sret 6 0 Dt^oX"Bl2 o^^Lfci: 5 

Ga N*SffiJi€:f^fif ^-5o /0 
. [0 0 7 0] (HJSMlO) £fc, I^^H2 5^ 
L7tG a NJf£&Ji8 0 2 t G a N'JBftJB 8 0 3cQfiHi?£- 

^oo-ft^^r^WTt^O-C. G a NSS1 8 0 2 iGa 
NMJI/I8 0 3 0^«r2E{fc:£i*rCGa N&cUJi 8 0 5 
Oft^seftSrSMfc fc #-t- # S*«r»lWi" 6 C t 

u—ftDm&m } <zm \, * l i, v^efe****** $ 

Wo 20 

[0 0 7 1 ] #;fc\ *0USWT*fiG a N*8*C0JB£ft^ 
Sfc%*Lfcri s A 1 N. I nNRTI-frbiDmih^^^X 

[0 0 7 2] (I^S#] 1 1 ) 1 1 OUKSflKC 

o^trw-tso H2 s^sasffli^jt^iBtitxawffi 

B-efcS, f77^7l«l 1 0 1 

KK<ORJfcVfc:-t:y hU Wffii^7r-< rSfi 1 1 0 1 

^ioo ot^-ciDiRu mz&fc^fom. 7^- 50 

nu *3Rs Tv^e^T, H>f;u7/W^!)A, Ky 

iC J: ^ nlA 1 G a I n N ^ 7 7 Kg 1 1 0 3 S: 5 ju 

fvu#y !>A«r«8tS:4'i:J: UnGa Nffiffil 1 
1 041:0. 0 1 p. m . tK3I, 7>^^T S Y D J 

a I nN^7 7 KJ8 1 1 0 5 £ 2 ju nu -eWft^T^fe 

[0 0 7 3] ZOttSlliaA 1 I nGaN^7°; KJB 1 
1 0 3. 1 1 0 5*J<tt7lW8a I nG a NSttJB 1 1 0 4 
S^ftUffiA 1 GaN^77 KS 1102 (Cttx^^ftj&s 

[0 0 7 4] «tv^mia*7r^rfi«i iok iwe 

AlGaN^77Klll02, JffilEA 1 I nG a 
7y Kll 1 0 3, 1 1 0 5, *5J:t;ttEl nGaNffi 

ttJi i i o 4<nm&izmasmi i o 6 zmc vdizx y so 



M¥8 - 2 5 5 9 3 2 

20 

±t?iu (a) otmm&m&'tZo 
[0075] m^X7± b v y <f 7? 4 texxim? vit 
^m^x.^^\±^^>^v^->^\zx^>xmiA i g 

aN^7 y K/f 110 2 <7M»lffitf*8tU1~5 X o WIS 
tfeJaR^^y^^^L, (b) <o«t^*«5t*:3Bfigi- 

[0076] m^^x&m^xzfcit&j *>^-Ms^y 

^V^idJZoT, '0 mEA \ G a 7 y K/f 1 

1 0 2 £5 /im^yfy^U (c) <0£ 

£ 0 AlGa InMl 103, UGaNllO 
4 , A 1 G a I n N" 1 1 0 5 Ci A 1 G a N ^ 7 y KJB 1 
1 0 2 ti£-<~C I n^a/uTV^5$\ »^\£»/5S*:# 
Ot, A 1 GaN^7 y KB 110 2 t^v^>^^7X 

9iC[H^UT^^ a T^v^A IGaNllO 2^&££{5 

[0 0 7 7] ID 2 9 IC*6l»BISrl»* Lfc^^^rS«itHl 
i:, ±d»e>^ft:spaiaS:7^-r o 1 1 0 7, 1.1 0 8(1 

±mfrb&fzm&co i a g a N©i±* ii04 %m^t 
%mik<Dfe+j£mzm^tz^mxh%<> 1 1 o 7^ 

t««iCii^-Cii I n G a NStti 1 1 0 4 ^ Z<DW 
ffiiJ: 9»-^S9ft<?5/hSv>A lGaN^7yKll 10 
2±{'i#SeJlT^^/t^, I n G a NftttB 1 1 0 4 

rait^ot^^ /-cfcLjE«I^^S:ftr^^^ fig 

[0 0 7 8]-*, 1 1 0 8(C^-fflf«{i*J^TfiT§i5 
i-A 1 GaN^77 K® 110 2^#ftL^^7ti6, jgg 

[0 0 7 9] ^coj: 5tc, StSfeJI 1 1 0 4Jcio^T, A 
IGaNll 10 2#Tffiic#>5«&5J'£, ii^Kt^ 
^^£^#^ (1 1 0 7 £ 1 1 0 8 to**) T*, 

tS:f:^t*§5, 1 1 0 7 <0«»Tf*, }§ft« 1 1 0 

4^m^^zB^mm^^^z§:^xi^^(DX\ zco 
i o 7 1 1 108 ttDm^uxn, $?j7&}xte\,^mfc± 

USt^ btv^«8Eoffi«^^t<*#'t-^Ct5- 

[0 0 8 0] ^fcd28 (d) (7)ct9i:AlGaN^7 
*y Kil 1 0 2«0ft^!?«C. I n G a 7 y 

I n G a NiSi4JB 110 4 coftt? 9 CA IGaln NiS 
141^^-5: tirj; |SJ«<30*fe-CA I Ga I n Nf 
ffittSSwioft^. T««C I nGa y K0bS*>£S5 



(12) 

< * 21 
Z t h " 5 Tfl£"Cdb<5 0 

> ^JS X & ^ y ^ > # t*&(Om < <b ^ <fc 

*2*Mt5lofflJ:iit«ft4f**8SCfci«)i: 1 /0 
[0 0 8 2 3 (H5£#J 1 2 ) ft}c**^co» 1 2 <7>^M 

1 * 1 0 0 0 TriPlR U SJfc**-**, T>^-^T 

JCG a NSS<£>ri£ftlS 1 2 0 2 ^tF^-T^o jb£ 

OTo r r £ fiEE^ Ltfc < 0 20 
[0 0 8 3] §1 #jB6^T* JE^* 5 Tor 

5:iCJ:5GaN 1 2 0 3 0JB8ftSrtT5o :K£>Kt JE 
oTG a N»al 1 2 0 3 flSfflSf 1 2 0 2 Sr^frfc L"C 

-So 

[0084] 03lH:(?)tS(OGa N*£sb 1 2 0 3 CO 30 

^fafr 0 & if SlSttC^ *Stt 6, U/c^o T^fi^M b 

[0 0 8 5] 8ft* S/S*rt^JE^S:8 OTorrl 

Ga N«16tt»Rl 2 0 3±«w7tc*. h !J 

tl-J: 9 nSA 1 GaN^77 KJB 1 2 0 5 * 5 m rn> 40 

^^*#t^-r<6r iri^J: HnGa NSfefl 1 2 0 
6*0. Olfcrru 7yr^7, M > fS^TA- 

-f £~ bl££ '0 p^A lGaN^y^l 1 207*2 

[0 0 8 6] =. y > ^aSWjStS 



M¥8 - 2 5 5 9 3 2 

dm ~- 

[0 0 8 7 ] (Hfetf'j 1 3 ) HI 3 4 (i*J5W<^— 

1 tt^SicDK/Sff-?, ccoR/Eiff 1 1 ^iaitf^A 
P 1 0 1 2^bJ^#>z^Aeix£o ®S¥ 1 0 1 1 

^Mco^i?:/^ i o i 3 asfansri/v:** 

'0, «J|6fS«i 0 l 4 fir co^i?;/^±.@'<::t£§£n 

coi^iaiclE[l^n7t^^^W/n 0 l 5{:J:ottt 
1 0 1 6 s^iTSteAoftaao-e^.^ioio^iai^TS' 

1 0 1 8iwjSjttSrbT*3 9. KiSl=rt<DEE#nB&J:tf 

[0 0 8 8 ] Zfci^, J:ia<7DS«S:>ffi^fcadifi!cft*ffi{c. 
o^TlS3 4. H3 5«rJl^Tia93-t-5 0 *^ #IBi8 

{bUfcS^fe CO 0 0 1 ) cOa -A 1 z Ch (t77^ 
T) Sfi 10 3 1 *_Lf£-tMr 10 13 ±5riS« 

l 0 2 1 'iZXoXmfe-tZ* ^f^»Aa 1 
0 1 2^t»*fSi^*ilLfciii^co7k^^^*^A 
U S*S*i 0 1 l rto 5 □ 
7^Alf:ti:S^yyi 0 l 8 Srf^ifjS-frffrt^ 
ff*S:10To r r):fto, JE^j^^ Ufc i C 
jSiSn^/H 0 1 siriori^-fe^^S-RatADlKL, K 
^Sffil 0 1 4^«SLffzj5 i 2 0 Oti^lLT^biB 1 0 

[0 0 8 9] tSfc^TgS^*4 0 O^RffiLT^b 
^/V7 r ^^COG a Ntt 1 0 3 5 *KE0. 1 y. miC^ 

ft (3 it-<r fii 26 N Ha o^WSJa*^{£v ^ c 4: *%it 
L"Cx NH 3 <b TMGcoMRttit 1 0 0 0 0 : 1 t L 

[0090] GaNKl 0 3 5 <0«a«tt»tSfflS^T 
dSot^e>, — J.K^SfiS:Sl^* 1 0 1 l^?>Si9ttS 
y* V V v >fyy <<—TM\-c£ 91113 5 (b) ic^ 

ytt^T'^^^ r^^tcOG a N*S8ffl! 1 0 3 5 
bfc 0 ' --eRSf*H3 5£Ot77^7i«3 1 CO^S 
i^o-Ci/^ST^'O > ^ h7^yMcS{cM^, 

[0 0 9 1 ] 5E5^<cffi7ki5tj»co«, St^KWSIRSrRlS 
f 101 1 P^-MU ^fiH**^^60ftto9{^NH3 



-12- 



(13) 



^mW-S - 2 5 5 9 3 2 



23 

[0 0 9 2 ] to^, TMGfc«tWH3S:^*AP 
1 0 1 2d»b»ALaflf(7?2aBricftte-CG a NH£^ 

°C£-CTtf\ 0. 0 5 ^ mOJRJ¥£-?(SG a NR 

1 0 3 3^3^5t^S, ttto%6ft&Vz<nas#J&5:& 
f£xi£ri3 Jz9i^L, tot, ififflSSrlOSOtl: 
±if"CJBc*t-C. G a NKl 0 3 4*0/5^5. 0/iini: 

i: TMG^Si^3 0 0 : 1 t U; 0 =^ ¥ ? * *> * 
dcftlfeGaNll 0 3 411 T8i-7*/V7 7^ttO 
G a Nil 1 0 3 5 ^#ft"T 5 i r. 7^iV7 7*7 

T ^^ooG a NKl 0 3 6 t XS 0 
[0 0 9 3] ^fc. IO7^77^ttc0GaNll 0 
3 6t^tt$*rLfcffl«*ai?-fl5jSIB*l 041i 

4fcaaf^**«-e4^ o) 

fi, l03UGa NR I 0 3 4 t (^ft^^BOTH 

[0 0 9 4] r£>«£5tw. **«t4^5S:*t5Ga 
NttO*^B*£1S# 1 0 4 1 S£0]*tf¥»*U-if£?K 

[0 0 9 5] -o#*{-*«W#^A5±EHJfi«^r&{c X '0 

12 3 6 ttJtlfcafcfc. a*OHapSj58;fiffi5cJ:i!), 
S^ft (0 0 0 1) <Da - A 1 lO] Ct77^7) 
10 3 1 ±i£J5£SLfc#£ 5 fx mCOG a N^fcf^V* 

1 0 3 3, 1 0 3 4 commco^i§iW>^'M®kM1&fr% 

[0 0 9 6] 1 0 3 1 t O fl-ffi 1 0 3 7 *bte^ 

xt7^>t yi/ritft *i«] (ciStr b t a ^ v -wu 

[0 0 9 7] — frWfomZ-X 5 t ;5roG a N^fcT 

^aa««35^w^ixfcef4^*t«*ft«wia3 7tc 



24 



7a 



20 



40 



7mz.Bf$L£ft>tLT=eJi'7 7 *ft(OG a NJffi 1 0 3 5 CO 

fc 0 * N^-ry^EtT^TS] i o 3 

7&s,ffifq$ix5(^i^LT, sPtr^^Tfi] 1 0 4 0 tiil^ 

&&&ft\zft&£ti^\,\ Sot, te^FFS-^i;:** 

S^zS 5 * h7^7J:¥ff^l 0 4 OiC-dofe^^ 

[0 0 9 8 ] $ biwSUoiaSi: It, xhy-C^kxh 
7^7t'<cte£^. frtzm^Wi$LW$L 1 0 4 l^^fi^;^ 
fi 1 0 s / c m z ^T£Hi3 6 <DfemV<Z.fr^£t>lsbXj& 

# B ficoiSru7tG a Nl«#bhti/^: btf£>ti^fz 0 



[0 0 9 9] *Ul(S{Bm 7*;U7 7^GaN 
1 0 3 5 h^^y^S^^^UTt^iCo^-C 

RWLfcriv S i Ozfc Si NK^^coKftffi 



[0 10 0] (213 8 11;: COS i OaWSrJS^fc: 



t?fc9* JleO, 1 fi m<D S iOzKl 0 3 8 "C^ h7^f 

aNSl 0 3 3, 1 0 3 4^384Rj58ft«rfi : ofc 0 C<7)±§ 

*^i-ilo7t^t'^^v'^yUg^#^ttfCo $ fcJ-G a 
NKfl S iOiRi7)J:i:ttjaftl4^i^t (SKJ* 
ft) , zo*i£i:J;5GaNRIiAtt (T-YyvKtt) 

^JFM£rL<5 CI <b l£#5 0 ^^ItoGaNKl 0 34 

[0101] *fc, *HSS«il S^fe (0 0 0 1) CO 
a-AlzO: (D-7 7>T7) SSl^G a N^t^^r 

[0 10 2] ^(OSIiSeilTH G a Nffltl 0 3 5<D* V 

[0 10 3] Sfc, Sffi-b«-GaNK«:J«S"rS5wfl2 
&jSft*S?:ffl^-C^536 s , GaNKl 0 3 3^St 
fC, G a NH 1 0 3 4 ?rSSli:E^I 1 1 i 

[0104] Sl±£ '0 . J: S^S^I&f^io* 



50 



-13- 



[0 10 5] 4) *»Wco-3e6fis|r-S>-5* 

I 0 1 0 6 ] M 3 2 tC^-T J: 5 Qfl£fl 1 4 0 3 
U C u-N i -A 1 ^^^^^^^laift^&l 4 
- 0 4^fflSt^ ZCOHfl^ 1 4 0 3 4 8 0^m 

rcoGflS&l 4 0 3oo*Sii> ^(W&ftS^ia 

[0107] *-f\ ~ GQQflS& 1 4 0 3 S:«t*6«j^J[2:tf 
S 0 ^LT, Wi&Tt ^%^m%m^ I 4 0 2 ^^coQQ 

(omm^m^ ohiw- t> if s c t x\ 

^SMMB*;*^ U0 2i:ft *by<<( t SiEfc 

[6]) ic3ISr«A-f Sit^-e#, -^^Jf^-^tt^ 
[0108] ^R!£igt-&&cOlHS5 1 4 0 3 <Dm □ O^C* 

3S#;£Sttl 4 0 1 & LT^£ 0 
[0 10 9] m^-. ^O^Sft^flco^TSflt 

[0 1 10] £*f\ <fc <m&Lfc (0 0 0 1) f77^f 
(ci) £®SSSrtOiMz:7*i£-fcy h U S 
JC&S»rtSr7K*#ia««-Lfcco*?^ SScoiSLg^rl 0 8 
0 o C(c^r-±#^^ g^O^ y -ny^|riol^9o 

[oi i i] m^x, a**-5 o srs-crtf, ^£f# 

^tU, 7v^74 9yh/i//^ hVt^^tfV 

[0 112] ^Ot, h y ^f-suXV *}Ms£±ibX, U 
g£r 1 0 8 0°C£-Ci:#?-£^ MJ^fyu^y>>A5 0 

x l o-^/u/^ ->7y^^2xio- 3 W^ 

[0 113] nlGaNlO^Si, JRJPI-;** «rik*. 



(14) »Bfl¥8 - 2 5 5 9 3 2 

26 

$r2xiO' 8 ^/^ 7>^7^4y^^/^ 
S£L ^7 K> ")A K— y" In3.iiGao.36 NJ§ 

[0 1 14] no.i<Gao.35Nl^ 
j^^^^rihi6, 1 0 8 0°C&X±%-& 

it, MJ^f-/^y)A^r5 0x l 0-\ i/?n<<^$ 

~rz. ;V-^ y ^ y ^ A 3 . 6 X 1 0 * 6 T > 

^~7£:4 y s/ b/^y^-^mL, p^G a N/f 

[0 1 15] &±<D£ o\z.^x^rhtz^^±m=F 

^v^idj: 9 Si 9 nlGaNll'Silie^ pS 

G a NI, fci^nSGaNiCpS, nlt-vy^ 

[0 1 16] (HJSflFiJl 5) C<OH3ffi«^ 

20 MM 1 4 I^Ltffll^^^ 

[01 17] El 3 3 (o^T J: o ic, co^**3B3t5R^ 
(0 0 0 1) m (ci) ifw^fiffc^tt^frTfc 

^)AlGa I nN^#B^SJ^t^^(7)t\ clrt 
( (a) Oy^) <^lt*At'<<**# 

[oi is] jes^jbi^s 1503 ftiz^mit&ytm?- 

T^< 0 ^^7CO^:#^fi, AyhVH 5 0 4*@trt 

[ 0 1 1 9 ] El 3 3 (a) -Ctt. ^^fl:***^ 1 5 0 
2(^£«}C (0 0 0 1) ®coi^^r^rSS^ffi^7t 

«ttfRl*afil:ffli/^, r^S«±i-A 1 Ga 
I nN^O^ B e B ^j6£S^^7t^^7t^^^^ix 
Pf, 133 (b) 0*9 Ms SSi^tTfS^ (y 

40 £5, iS^RBS:ffit>ntf N c $^ti(U 3 3 (b) (C^ 
■CfeS. fc*5^>A/5fe{5if (a) -CttWLfcct 95-, R® 

So 

[0120] zcommmco^mcx^, ^m^±m 



-14- 



(15) 



4#P*H¥8 - 2 5 5 9 3 2 



27 

[0121] 

imW<D®}&] J&UbtfcWLfccfc ittftwn. 
*&fl^*¥«#d> £ fix ^ £ gfflS go c £ f*] id 

[0 1] A I G a N/G a Ni^Fi-iJitS G a Nil 

[12] c ®[^]{I^^^]-C^U^^^D^o7tS'^(DA 1 
G a N/G a NSi^Fi-^tt 6 G a N/f OffiH^GO 

[S3] cffirt^**tt-e*^ Sdsjpfco 



28 



94] ^SK^-^JtWO^SftJ&^^oflliitBI 

*rS0 

[El 6] *«W^-Ilife«0^»»«^*^0«5tl2 
[12 7] **M<7D— ||3«*]o**ff«3tiR^o?ig4fc«:^ 

[1 8 ] **WO-|ll£tWO^*»:*3t:ai^<^fl|3tia 
[19] **WO-l8affJ<0^»»«3t*^O«5fcS-i£ 

[1 1 0 ] 3! 2 fiOHJfieySr^i-^/uyiKffi I n G a N/ 
A 1 G a N*^#F¥##>-1f<O*^Wffi0 
[fH 1 1 ] L i T a 03 S^KJb^S^-r £ 2 OCO^S* 
1 

[Ull 2] Li TaCh£tS# (1 10 0) ffij&><b (0 
0 0 1) #[Sk fcfc^tt: (1 12 0) *[6]HH&bfc:tK 

[il 3] ^ 3 (OMMm^ir^ ^uymM I n G a N/ 
A 1 G a N*^#F¥#tei^— IfoX^WffiH 
[Hi 4] p -A 1 G a i-f NS*7Ji<Oi5H^®SP 

[1115] L i Ta 03 tG a NfcO«6KK»»C0tt:S!S 



ill 6] *«M<OllJfiffJco¥»ft:u--1fO^«*i£«: 

1 7] 5llfi«yoit-^!> v h<E>«a80 

Hi 8] If<0f^jaj6r 
ffi£*H"flf/a0 

[Hi 9 1 **W<^¥»*U'-if«:ll3Si-Sf-^»?>' 
NEWISH 

[12 0] **W05*»ftu-if*r38K't-SSi]co-^^ 
[B2 1] ^^ooS'J^^JS^Jo^^u-if^^St^ 



[12 2] **M^-II^Jo¥»*u-ifcof^8li^z£ 

[132 3 1 *:*M<^— Slifi^lcofttst^Sfe^i^A I G a 
I n NS¥«#3S**^-<o8HtX&0 
[12 4] IglSfftJtOSiia^&i^iSA 1 Ga 

i nN*^»***^-oSi3fixmia 

[125] aWtti-u-^H8*f*tT9^tifi!iftcoxS 
70 [126] — IfBgAtai-StG a Nlfr^fteOHtS*^ 

■*-0 

[U2 7] a^tt^u— ifsg*f*=fT5*t§fi!c«<nxaia 

[128] **K<OHJ£flSJ 1 l {£J3tt£¥*ft:3£«<aSl 

[B29] #*Wtf>3IJS0iJ 1 1 {-fcttS¥»ff£SB<o« 
5£»fB0:te J: O^gttJB ott A*fflO«*ia 

[13 0] *^^SWJl 2i:ioi^^*gioi 
5axSco«SSI 

[03 1] ^m^m^mi 2jcjbNtsGaN*afiitt» 

[13 2] *«W^HJ6«»J1 4K:fctt5^*»$63fcKlt 

[13 3] ^m^mMm 1 5 5c*5tt 

[13 4] *#Wo3llS«Il 3(-*5tt5ritftS6B(0«it 



[13 5] *«Wfi03IJttW 1 3 {r*J(-t-5jBrfifiKftfiOXS 
WfffiH 

[13 6] *«W<^HJ6^Jl 3 fcO*fcifc{£*5tt5 2SS 
30 ftfSco«jtWrE0 

[13 7] *«M<753llfiWl 3^iS#£*Sfif£:H:«<0* 



[13 8] *«WOHJ60»J1 3 COS i OifltSrJBv^ 
^co^it^fSl 
[ff*«0RW] 
10 0 AlGalnN- 
1 0 1 f77-frSS 
10 2 * h7>f T'tt^i 
1 0 3 i^^r^TSS 
40 10 4 ^ ^ 
10 5 fS 

10 6 A J NSi&Wl 
10 7 AlGa In N##J 
1 0 8 t77^7IS 

1 0 9 mtm. 

1 1 0 if 7r -fTStE 

1 1 1 BtffcHS 

112 Si CSS 

113 Nil 
50 114 l-OAu 



-15- 



(16) 



#§3^8 - 2 5 5 9 3 2 



1 


1 


5 


1 


1 


6 


1 


1 


7 


1 


1 


8 


1 


1 


9 


2 


0 


1 


2 


0 


2 


2 


0 


3 


2 


0 


4 


2 


0 


5 


2 


0 


6 


2 


0 


7 


2 


0 


8 


2 


0 


9 


2 


1 


0 


2 


1 


1 


2 


1 


2 


2 


1 


3 


3 


0 


1 


3 


0 


2 


3 


0 


3 


3 


0 


4 


3 


0 


5 


3 


0 


6 


3 


0 


7 


3 


0 


8 


3 


0 


9 


3 


1 


0 


3 


1 


1 


3 


1 


2 


3 


1 


3 


3 


1 


4 


4 


0 


1 


4 


0 


2 


4 


0 


3 


4 


0 


4 


5 


0 


1 


5 


0 


2 


5 


0 


3 


5 


0 


4 


5 


0 


5 


5 


J—* 

D 


1 


5 


5 


2 


5 


5 


3 


5 


5 


4 


5 


5 


5 


5 


5 


6 


5 


5 


7 


6 


0 


1 


6 


0 


2 



29 

H~oOA uB 

A 1 G a In N^Tfc^B 

L i T a ChgS 

A I N^s^rB 

n-AliGai-iN^77 KB 

A 1 jGai-j N Si 3fctf *< KB 

I n.Gai-«N/GaN#Ii?#PSfiJ 

A 1 i G a i-i N 31 2 Y KB 

p - A 1 [ Gai-:N^77 KB 

S i Oi'&MB 
S i Oi 

S i OimM&<DmaU 
TV — K' 

#y— K 

(0 0 0 1) t77^f7lS 
A 1 N/<7 7 7l 
n-AIiGai-iN^77 KB 
A 1 , G a i m N S5 1 3fctf>f KB 
I mGaiM N/G a N#aL*^#FSttJ 
A 1 i G a i - , N 3f§ 2 jfctf KB 
p — A 1 : G a i - 1 NsS 1 ^ 7 y KB 
p-Ali'Gai-r N^^AB 
p-AhGai-i NI2 ^ 7 y KJ 

5 i 0?#l 

7/- K 
^ry- K 

LiTaOj 
F e — N i 

Fe-Ni -Mq^ 
P b - S n^l/Ptt 

f7-7^yh 

6 H-S i CIS 
A 1 NB 



50 



70 



20 



30 



40 



50 



6 0 
6 0 
6 0 
6 0 
6 0 
6 0 
6 5 
6 5 
6 5 
6 5 
6 5 
6 5 
6 5 
6 5 
8 0 
8 0 
8 0 
8 0 
8 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 



3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 

1 1 
1 2 
1 3 
1 4 
1 5 
1-6 
1 7 
1 8 
3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 
3 8 

3 9 

4 0 
4 1 
0 1 
0 2 
0 3 
0 4 
0 5 
0 6 
0 7 
0 8 
0 1 
0 2 
0 3 
0 4 



A 1 NB 

nMA 1 G a I n N? 7 5> K 
A 1 G a In NffittB 
pSA IGaInN^7';F 
p fRiJl 
niRijl 
6 H- S i CSS 
A 1 NB 
A 1 NB 

nSA 1 G a InN^ryF 
A 1 G a In Ngtti 
plA 1 G a InN^77F 
p «(1 
n it'll 

G a NaSUB 
G a NSfaH 
G a NtS&m 
G a N'SAI 

t7 7-Y7lg 
*£& 

G a N^fc'^v^/uB 
G a N^e^^rv-^/uB 
7=£jV7 r ^t^coG a N 
T^cA^T^ttoG a N 



S i 02 

t77^7S« 

AlGaN^77Kl 

nSiA 1 InGaN^5yK 

I n G a N?§t£B 

pSA 1 InGaN^yK 

f77-Y7Sffi 

G a NM^cT^^S^ 
G a N AttttftlKB 
G a N«J6ttSM»iO*{SJa 



-16- 



37 

12 0 5 nSA 1 GaN^77 K 

1 2 0 6 I n G a Nffii^I 

1 2 0 7 p SA 1 G.a N 9 7 y K. 

14 0 1 *#(*:«)t36B 

1 4 0 2 ^ft***^ 

1 4 0 3 



(W) 



«H¥8- 2 5 5 9 3 2 



14 0 4 

15 0 1 
15 0 2 
15 0 3 
15 0 4 



32 



[El 1 ] 



[12] 



0 



-50 



AL c . a Ga 0 .aN/GaN 
Lw=40A 




0 2 4 6 8 

Wave Number Kx (xl0 6 an"') 



Def orma tion 
Energy lOmeV 




2 4 6 3 
Wave Number Kx (xl^an* 1 ) 



[12 3] 



[@4 ] 




10 20 
D s (e xx -e yy ) (meV) 



30 



tOO AlGalnN&lt* 

1 





101 +f77-f7*« 

102 ^h^-f^"**©* 




-17- 



(13) 



- 2 5 5 9 3 2 



(a) 



(b) 



(c) 



*[E!5l 



103 +t77Y73t^ 



104 




105 M 




106 AIN:£&^* 



[H6] 

(a) 




109 



(d) 



P7\ J77\ P7\ 



(e) 



F7\ F7\ /T\ 



107 

AlGcInN fc**^* 



109 



7 
/ 

/ 
/ 
/ 
/ 
/ 
/ 



5ptm 



/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 



<t>) 



/ 
/ 
/ 
/ 

/ 
/ 



7 

/ 
/ 
/ 
/ 
/ 
/ 
/ 



/ 
/ 
/ 



/ 

/ 
/ 



z 



10 Am 



•108 



m7] 



[H9] 



110 W7Si 




Ca) 



117 ^tm^SIS 

118 ttofeM: 



[H17] 




119 



404 

403 
LiTaOs 

404 



COOODSl 




402 



(b) 



1*7 ?~3?<<?mWL 



-18- 



(19) 



8 - 2 5 5 9 3 2 



[ilO] 



208 




207 p-At z Ga w N^-7-yrJi 

na SB 

213 fcv-K 



20* AlyGc^^NHIW^VK/ 
203 n-AL z Ga,_ z N175*yK» 

202 AlN/vv?7« 
201 (1100)LiTaOaS« 



[El 1 2] 




[0 1 5] 







LiTaOa 


U2X10" 6 (0001) 
2.2X10~*(1120) 


GaN 


5.6X10" 6 



[B13] 




310 



309 p-ALzGa^NWS^-^M 
ALj Go,_ r Nfi* AJ1 

y Ga 1 _ y N5f52^^?-fKJl 

y Ga^Naritt tf-fK* 

303 n-Al 2 Ga,- 2 Ni7^^KJi 

302 AW^«j*y?m 

301 (0001)^^7-<75« 



'J— h 



312 Mass 



-19- 



(20) 



#§H¥8 - 2 5 5 9 3 



[114] 



m 1 6 ] 



308 p-A'VGcwNS* AIM 

p-Al/G<wN3fin?^"^ 
307 




305 




y 
x 



401 *±m<&^- 




402 V? r ^0>h 



1 8] 



(a) pC i£ 




501 ^i*#U-tF 



502 +t^*^0>h 



401 




[Hi 9] 



402 



<b)*» 

501 



1/ /77V /I 



502 




505 Pb-SnyN>5 r 



504 

Fe— Ni— Mn£-& 
503 Fe-Ni^4? 



> 502 1t77^>h 



505 



[82 0] 1821] 




(21) 



¥?M¥-8 - 2 5 5 9 3 2 



[[2 2 2 ] 



$4112 2 3] 



554 ****Mt:Wai 

556 mnm&j** 

557 mnm* 




555 



551 a*«p#u-tf 




-60f M-StClfc 



[1112 7] 




804 
802 




801 




4[H24] [BI2 5] 




£59 ^ 




(b) 



802 




- 803 



-21 - 



(22) 



«Bfjsp8 - 2 5 5 9 



[126] 



[122 8 ] 



7 



L/— FjRJtfaft* (kW) 



32 9] 









! 1 1 










i 






















! 1 ! 










i 
















— - 






1 1 












I 
























t 












i 




i 




















1 










i 






































































■ j*'- 










- 


































• • 




































* 


r: 









































1104 Jgfe, 



10 



(a) 

InGaNm&M 7104 X fe** P 6 

nfflAlGoInN >^\^^^V^Y^ 



AlGaN^^vKJl 

nog 




'1106 



1105* 
1104 

1103- 

1t02" 
1101- 



Cc) 





(d) 



no; 

1102 
110 



/ S / / / 



1106 



[03 0] 




(W 




tZOf 




iZ07 F^AI<^N7y^hM 
(ZQS A /CraW 77"' Sf 
tZOf 



(23) ¥fffl¥-8 - 2 5 5 9 3 2 

[131] [132] 




[033] 



[03 8] 



/03S SiOz 




IS03 fc&m%a 



isoz 




1034, 

f033" 
/03/ 




I50t 



[03 6 1 [03 7] 




-23- 



(2 4) 



$fffi¥-8 - 2 5 5 9 3 2 



m3 4] 



[@35] 




(Off Jzj3Z*g 



tote SZn&M 

tO/6 

fOtS 



r 



I 



V 



ton 



(a) 



pwwwwwww^wwww^ 





J—/03I 




(03S 




/033 



(033 




(72)*W# fflfW] 

(7 2) #9!* fllift ft 

(72)#ip3# Sft Etil 

(7 2)#93# *FP Ml 



(72) 



(72) 



(72) 



(72) 



91 # JE5i 

^fiEJffP^KrfT^P^; 

w# mm 

icIKfiFPWffT**^; 
ARM ft 

^fi®ffpmm^^pg; 



1006#±S feT' 



1006#ift *£T' 



-24- 



9#&H^8 — 2 5 5 9 3 2 



[3£tf 0] ?«11¥.( 1 9 9 9) 8^60 



[2HM#-S§-] &?£¥-8 — 2 5 5 9 3 2 
[^0] ¥«8¥ (1 9 9 6) 1 0MIB 
[^ig-grft] ^gH4#ffp^«8 — 2 5 6 0 
[UJ«#*] #JB¥8 — 7 0 4 8 
[HRI»IM>a*6)iE] 
H01L 33/00 
21/205 
21/3065 
HOIS 3/13 
[F I ] 
H01L 33/00 C 

21/205 
HOIS 3/13 
H01L 21/302 J 



[»UJ0] ¥-&9*£5M 9 0 
[f«»]El ] 
[4l!lE*l**»& ] S3»* 

[ttjE^ffi] SE3E 

[it i ] sftjg^^^a^jfe^ff^fe ^ - mis 

mN (tl, O^x^l, Qgy^l. OSz^l) 

,N (feU O^xgK Qgy^l, O^z SI) a> 
[f»**B7] f£feJ§ t , flaEgttJBSrtfetr? 7 y KJ1 
: N (fEU Q^x^K Oly^K O^zll) % 
AliGaylmN (fiU O^x^U OSy^l, 

O^zgi) ;Mfrfr«r¥»ff-efc 9 , 3fiEf£teJi<^> 



Sx^i, o^y^iv oiz^i) ^-fb-^ft^flg-e 

Tio9, fflEgfift:, fflE^Sf*KPg 1 O^Ogagg 
filjft^OTie^/u^gSiA 1 Ga I nN^b^^fegQ 

2Q^^]co^^^, fflffifryuyffigA IGaln 
J5g^n, MfZA 1 Ga I riN^fc^^ftfctiU ^ 



-1- 



#f^¥8-2 5 5 9 3 2 



;frf6]!Cfigg£-£5X&fr : gU ffrSSSfeJltt:. flirt 5 c B 
[IS* 1 ! 1 3 ] flflKfgffiete. fr/uy&gtoA 1 . G a , 



[ffittSB] Of 1^160 

#if 1 ICE*^)******^ 
[B#qi3] miEA*AYt^**»*d s 9/i'y5!«it^ 



n i N (fab, O^x^h O^y^l. O^z^l) 

-e$>5M#ri i :'tsi£co*^^7fe^T 0 

*vC*5 9 , iffilEiSttJiid^ ^yuyliSOA l.Ga.In 
t N O^x^l, O^y^K O^z^l) A* 

[ff?#if 7] A^a-fb:^»^Wft:"efe5?§ttJg^ c 



mN (fI.U 0^x^l> Q^y^ls O^z^l) 



-2- 



¥rffl s P-8 — 2 5 5 9 3 2 



[«*T 0 1 W-0S, 11 (1999) 1 0^290 

* 

[4*Bfl##] »H?8-2 5 5 9 3 2 
[3*BS0] ?^8¥ (1 9 9 6) lOfllB 

^§S«FffF^«8 — 2 5 6 0 
[a«S#-^l #I¥8-7 0 4 8 
[HWWFa«3S6JjR] 
H01L 33/00 
21/205 
21/3065 
HOIS 3/18 

[F I ] 

H01L 33/00 - C 

21/205 
HOIS 3/18 
H01L 21/302 J 



[«£tie] ^f&9^5M 9 0 
[ ^iBtti jE 1 ] 

MtaE*f*«B*] «HHFtt#OttIS 
[ffljE^fe] SE3E 

niN ({1.U Qgx^L O^ySl, O^z^l) 

t N (fit, O^xgl, Oiygh O^z^l) 3> 

BftESfflltt* »^ygSOAl.'Gar In 
i-N (II.U Q^xgh O^y^l, Q^z^l) % 

Al.Ga> I n.N (fiU O^x^l, Q^y^K 

o ^ z ^ i ) 3Rffc^»¥**-c*> 'o , Baiasttj»<^^<v 



ia^s^^il^tt^ott^g>?gfiegix-cjg9. atria 

gftJBtt, »)/U7i;l0AliGa f I n:N (fg.U 0 
gx^h O^y^l, O^z^l) 3Kfc-&ft»g»flcT- 

«»*SlttE» A^ttSA 1 G a I n N3Kfc^4*aMfrP 
£Sc£rU flfllSA 1 Ga I n N^fc^^gfrfctt, 

[W*iSi 2] AjS-fl^jft^atflg-CfeSSttJl^r c $& 



#^¥8-2 5 5 9 3 2 



[ft** 1 3 ] flfrfEgftJlrtU A 1 t G a / 



ImN O^x^l, O^y^l, 0 ^ z ^ 



t*E£±S 0 ] ¥J$1 0^1^160 
[ sftttMiE 1 1 
[*tlE*t*»*6] 9J»» 

[w«=«*<naiia] 

[f***2] SttJltt* cl*^(-^S^rurv^^. n 

** i ke*^**^*^ 

[f***3] WIE^*ft-fb**^«ft:d s, ?^y3!«S, 

4 HUffiit, ^rc^ 6 Hmmm~?hz>. is** 1 ice* 



A/WfS-CfcS , fl** 1 5ClS*^¥*ft:*3t*^ a 
[f***5] IfflSEffiteJS ->yuyl£Sf(75A 1 . G a , I 
mN (fit, O^x^l, O^y^K 0 ^ z S 1 ) 

[f***6] missttJlJ'i. ^7r>rrsts±ic^$ 

Hrio 9 . SfJiaffittJBdS, >>/uyi£I^A 1 i G a y I n 
:N ({I.U O^x^l, OSySK O^z^l) ri> 

[!*** 7 ] Aj^ft^fe^^-Cfe^rSttJW^ c l&Jfr 

ftfcfigfts-frsxajr^u fltraagttJiti, atria cgt*i 

mN (fi.U QgxSl, O^y^l, O^z^l) 



